Background: Asthma is one of the most common chronic diseases worldwide. For asthma and allergic disorders, diet has been recently established as a potential risk factor. Thus, a change in dietary habit may be postulated, as one of the unknown factors responsible for the rise in prevalence of asthma among children in rural India. Objectives: To assess the association of diet with asthma in Indian rural population. Materials and Methods: This study was a cross-sectional study of children aged <18 years residing in Khanpur Jupti village, Ghaziabad, Uttar Pradesh, during 2011-2015. A questionnaire-based survey was carried out for respiratory illness-related symptoms. It was developed on the basis of American Thoracic Society (ATS), British Medical Research Council, and the International Study of Asthma and Allergies in childhood questionnaires to detect the presence of symptoms suggestive of asthma. The age and sex, birth order, duration of breastfeeding, educational status, food habits (vegetarian and nonvegetarian), and major chronic chest symptoms (cough, sputum, shortness of breath, and wheezing) were included in the questionnaire-based survey. The diagnosis of asthma was made by the physician examining the children, based on the guidelines of ATS. Results: Of 187 houses which were surveyed, there were a total of 607 children (males n = 339 [55.84%] and females n = 268 [44.16%]). 17.1% (n = 104; males n = 59 [56.73%]) children were diagnosed as asthma. In the evaluation of dietary habits, children diagnosed with asthma had significantly higher consumption of nonvegetarian food (43.27% vs. 28.23; P < 0.05). However, age and gender distribution, educational status, birth order, and duration of breastfeeding did not show a significant difference between children diagnosed with asthma and without asthma. Conclusion: The study concluded that increased risk of asthma was associated with higher consumption of nonvegetarian food. Furthermore, breastfeeding did not have any protective effect on asthma.
INTRODUCTION
Asthma is one of the most common chronic diseases worldwide. The global prevalence of asthma, using a definition of clinical asthma or treated asthma, is estimated to be about 4.5% (95% confidence intervals, 4.4-4.6). [1] In studies from several single centers across India, the prevalence of asthma in children ranged from 2.3% to 11.9% and in adults it varied from 0.96% to 11.03%. [2] The rapid increase in asthma is possibly attributed to changing environmental/lifestyle rather than genetic influences. For asthma and allergic disorders, diet has been recently established as a potential risk factor. [3] [4] [5] Lifestyle factors (obesity, physical activity, and dietary habits) have also contributed to the development of asthma. [1] The incidence of wheezing in childhood and atopic asthma in later life has an inverse association with duration of exclusive breastfeeding. [6] However, infants fed with formula feed (cow's milk or soy protein) have been reported to have a higher incidence of wheezing illnesses in early childhood. [7] A history of perceived worsening of asthma in relation to dietary items is fairly common among Indian asthmatics ranging from 60% to 90%. Increased consumption of fast food, salted snacks, fried snacks, fats and oils nuts, dry fruits, carbonated drinks has been associated with asthma in the Indian adult population. [8] [9] [10] Thus, a change in dietary habit may be postulated as one of the unknown factors responsible for the rise in prevalence of asthma among children in rural India. The present study was undertaken to assess the association of diet with asthma in Indian rural population.
MATERIALS AND METHODS
This study was a cross-sectional study of children aged <18 years residing in Khanpurjupti village, Ghaziabad, Uttar Pradesh, during 2011-2015 after ethical clearance from the Institutional Ethics Committee. One hundred and eighty-seven houses with children aged <18 years from each socioeconomic class were selected for survey and health check-up.
A questionnaire-based survey was carried out for respiratory illness-related symptoms. It was developed on the basis of the American Thoracic Society (ATS), [11] British Medical Research Council [12] and the International Study of Asthma and Allergies in Childhood [13] questionnaires to detect the presence of symptoms suggestive of asthma. The questionnaire was also translated in Hindi. The above-mentioned questionnaire comprised demographic details such as age and sex, birth order, duration of breastfeeding, educational status, food habits (vegetarian and nonvegetarian), and major chronic chest symptoms (cough, sputum, shortness of breath, and wheezing).
The survey team did house visits, and the questionnaire was administered at the house itself. Examination of the child, their pulmonary function test or peak expiratory flow rate (PEFR), was conducted. The diagnosis of asthma was made by the physician examining the children, based on the guidelines of ATS. [11] Using an electronic portable spirometer, spirometry test of children was performed. Maximal expiratory flow-volume curves were obtained as per ATS 1995 recommendations. [14] In the children who could not perform spirometry, PEFR was obtained with a Wright's peak flow meter. The highest of the three recordings was noted.
Statistics
The statistical analysis was performed with IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY. The groups were compared for all variables using the Student's t-test to compare equality for means and the Chi-square test to compare category value. The differences were considered to be statistically significant at the P < 0.05 (two-tailed test) level. Results are presented as percentage and mean ± standard deviation.
RESULTS
There were 187 houses, which were surveyed, and they had a total of 607 children (males n = 339 [55.84%] and females n = 268 [44.16%]). Overall, a total of 17.1% (n = 104; males n = 59 [56.73%]) children were diagnosed as asthma. The various characteristics of children with asthma and without asthma were equated and are shown in Table 1 . The age and gender distribution, educational status, birth order, and duration of breastfeeding did not show a significant difference between children diagnosed with asthma and without asthma. In the evaluation of dietary habits, children diagnosed with asthma had significantly higher consumption of nonvegetarian food (43.27% vs. 28.23; P < 0.05). Of total 187 children consuming nonvegetarian diet, 22.06% (n = 45) were diagnosed as having asthma in comparison to vegetarian subgroup (14.05%; n = 59) (P < 0.05). In addition, females suffering from asthma were significantly higher in nonvegetarian subgroup (25.61% vs. 12.9%; P < 0.05). The various characteristics of vegetarian and nonvegetarian children diagnosed with asthma are represented in Table 2 .
DISCUSSION
Asthma is among the top twenty chronic conditions for global ranking of disability-adjusted life years (DALYs) in children; in the mid-childhood ages 5-14 years it is among the top ten causes. There are striking global variations in the prevalence of asthma symptoms (wheezing in the past 12 months) in children, with up to 13-fold differences between countries. [15] An estimated 1.9 DALYs are lost every year due to asthma per thousand children under 15 years of age in India. [16] There is a large variation in the prevalence of asthma in different parts of India. The Southern States show a higher prevalence (4.2-19.3%) compared with Northern (2.3-15.5%) and Western States (5.3-7.5%). [17] The prevalence in current study came out to be 17.1%.
The current study reported a higher prevalence of asthma in males compared to females that is in agreement with the literature. [18] In the evaluation by dietary consumption, nonvegetarian females had a higher prevalence of asthma than their vegetarian counterparts. No association was found between birth orders in this study, which was consistent with the literature. [16, 18] The literature suggests a role of breastfeeding in protection against atopic dermatitis, wheeze in early childhood, and allergy to cow's milk. However, data about protection against asthma are inconsistent. [19] Exclusive breastfeeding for at least 3 months protects against asthma between 2 and 4 years of age, especially in children with family history of atopic diseases. [20] On the contrary, studies have reported no benefit of exclusive breastfeeding in children from nonatopic families or in decreasing the risk of asthma in children at 5 years of age. [21] A recent systematic review concluded breastfeeding protects against asthma until the age of 6 years, with a more pronounced effect in children <2 years of age. [22] The present study found no significant association between age of onset or severity of asthma and breastfeeding. Moreover, increased duration of breastfeeding did not alter this observation.
Allergic diseases usually begin early in life. The diet of the pregnant (and eventually breastfeeding) mother is the earliest probable nutritional influence. The consumption of diets by pregnant mother, which are rich in fruit and vegetables, such as the Mediterranean diet, have constantly been associated with a lower risk of allergic sensitization (which is defined as a positive skin prick test to allergens) and allergic rhinitis in children. Furthermore, a high maternal consumption of vegetable oils, margarine, and processed foods is associated with a higher risk of allergic sensitization. [23] The probable effect of several classes of dietary components is through influencing the development and homeostasis of the immune system, thus preventing or potentiating the development of allergy. Dietary components predominant either in a Western diet (such as saturated fatty acids and cholesterol) or in a Mediterranean diet (such as unsaturated fatty acids, vitamins, and fiber) has been shown to differentially regulate immune function and to exacerbate or protect against allergic diseases, respectively. Their complex mechanisms of action engage specific receptors. [24] In children residing in Sweden, Greece, and Mexico, a healthy dietary pattern by eating more vegetables and fruits in diet has been shown to be a protective factor for atopic diseases. [25] [26] [27] Agrawal et al. in a study on risk factors for asthma in adults, concluded consumption of a nonvegetarian diet, daily or even occasionally, were more likely to report asthma than those who were strictly vegetarian. [28] The finding of this study in which asthma was diagnosed significantly higher among nonvegetarians contributes to the growing evidence of protective effects of vegetarian diet in asthma. On the contrary, studies from Asia including India have reported increased asthma among the children [29, 30] and adults [31] consuming vegetarian diet.
CONCLUSION
The study concluded that increased risk of asthma was associated with higher consumption of nonvegetarian food. Furthermore, breastfeeding did not have any protective effect on asthma. Future studies using epidemiological findings and clinical readings are needed to examine and explain dietary influences on asthma in children. Moreover, high prevalence of asthma in rural children, the findings in the present study, may be useful to help in reducing the burden of asthma through changes in dietary habits.
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